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Abstract 
Gear Hobbing is one of the most productive manufacturing processes for pre-machining cylindrical gears. The process design as well as the 
tool selection is often based on experience or is limited to an iterative procedure. Existing methods for process and tool design are limited 
regarding the size of the gears and the process parameters. 
The objective presented in this paper is to support the process design by suggesting process parameters. To achieve this goal, a simulation 
for continuous gear hobbing was developed. By calculating planar intersections of transverse sections of both gear and tool, the generated chip 
geometries are determined. Due to the general approach of positioning tool and workpiece in the program, all continuous processes with 
defined cutting edges can be simulated. The generated chip geometries are analyzed and characteristic values for each position of the tool are 
defined. Beside the chip geometries, other parameters such as working areas and the length of axis movements are calculated too. 
Since the simulation process is time-consuming, it is not possible to calculate each hobbing process for different designs. Also, the 
simulation program cannot be implemented into the machine control due to the needed computing capacity. Thus, a large amount of hobbing 
processes with varying gear geometries as well as different tools with the corresponding profiles are calculated in advance. By the use of 
regression analysis, the results of these variations are transferred to approximation formulas afterwards, which are easy to calculate and to 
implement into other software products. 
To support the tool and process design, existing hobbing processes will be simulated with the help of the developed manufacturing 
simulation and the results will be stored in a database. By comparing the results of the approximation formulas with the values in the database, 
it is possible to evaluate a given process. 
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1. Introduction 
For designing gear hobbing processes, certain values are 
necessary that can be compared and determined 
unambiguously. An established value for hobbing is the 
maximum chip thickness. Determining the chip thickness can 
be conducted according to different methods and formulas. A 
common and industrially as well as scientifically established 
way is the approximation formula for the maximum chip 
thickness according to HOFFMEISTER [18]. The approximation 
formula represents a simplified calculation that is based on 
empirical studies up to the module of mn = 4 mm. 
Investigations have shown that for gears of larger modules, 
the results according to HOFFMEISTER deviate from the actual 
chip thickness and underrate them [10]. 
To define a reliable process design of large module gears, a 
dependable method for calculating the maximally occurring 
chip thickness in a process is necessary. For this purpose, a 
new formula for calculating the maximum chip thickness up 
to modules of mn = 30 mm will be created. In order to achieve 
this objective, a variation model will be set up. This allows 
determining approximation functions for different 
characteristic values by means of results of a penetration 
calculation and a regression analysis. With the help of this 
method, subsequently a function for calculating the maximum 
chip thickness for gear hobbing can be developed. 
2. State of the Art 
For turning or milling processes with defined cutting 
edges, the process design and the cutting parameters are most 
likely specified based on empirical knowledge, structured in 
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form of charts. These charts contain axial feeds and cutting 
speeds for different workpiece and tool material combinations 
and are provided by the tool manufactures. The parameters in 
these charts are based on the chip thicknesses. Fig. 1 shows 
the maximum chip thicknesses hcu,max occurring in the turning, 
milling and gear hobbing process. Because of the continuous 
chip formation on one single cutting edge, the calculation of 
the maximum chip thickness in the turning process is trivial. 
The chip thickness depends on axial feed fa, cutting speed vc 
and a tool angle. For milling processes, the chip thickness hcu 
varies along the cutting length. Although the milling process 
has a discontinuous chip formation, it is possible to calculate 
the maximum chip thickness with the help of analytic 
formulas. In gear hobbing this is possible. As it is shown in 
the right column in Fig. 1, the chip formation varies with the 
cutting length. Because of the rolling process of gear hobbing, 
the chip formation takes place at different cutting edge 
sections. Thus, hcu varies with the profile and for each single 
blade. Also, the chip geometries are highly depending on the 
superposition of the single cuts. Due to these unique and 
complex kinematic conditions, a calculation based on analytic 
formulas of the maximum chip thickness is not possible. 
 
 
© WZL 
Fig. 1. Comparison of chip formation in various cutting processes 
2.1. Characteristic Values in Gear Hobbing 
Gear hobbing is the main process for manufacturing 
cylindrical gears [3]. However, designing a productive and 
stable process poses still a challenge. In the past, there were 
many studies analyzing the influence of different 
characteristic values according the tool life and wear 
behavior. Research was done with carbide tools [22, 18, 23, 
13, 14, 11,24] as well as high speed steel hobs (PM-HSS) [19, 
1, 7, 16, 15, 17, 21]. HOFFMEISTER [18] developed an 
approximation formula for the maximum cutting length lmax 
and total cutting length l of the process. He also developed 
formulas for calculating the maximum chip thickness at the 
profile tip hcu,max and an average chip thickness hav. Especially 
the approximation formula for the maximum chip load is still 
widely established in industrial and scientific environment. 
BOUZAKIS [1] conducted extensive research regarding the 
chip formation and the effects to tool wear. For this, 
BOUZAKIS classified the three flank chips and developed a 
mathematical model for calculating the corresponding tool 
wear. MUNDT [MUND92] also developed a formula for  
calculating the average chip thickness. His approximation 
formula is based on the results of a geometrical penetration 
calculation. In recent past, HIPKE [17] developed a method for 
calculating process parameters for HSS hobs. The method is 
based on the average chip thickness and cutting length. 
Altogether, the module range in these mentioned studies is 
mn < 10 mm. While HOFFMEISTER and HIPKE used gears up to 
mn = 4 mm, the formulas of MUNDT include gears with 
mn = 10 mm. 
Because none of theses studies provide a comprehensive 
method for the full module range of currently used gears, the 
alternative is to design a process by the maximum chip 
thickness as well as experience. On this basis, an objective 
process design is nearly impossible. 
2.2. Calculation Methods for the Chip Load in Gear Hobbing 
To calculate the chip thickness in gear hobbing, different 
methods can be used. A simple and effective option is the 
maximum chip thickness according to HOFFMEISTER, (1). 
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HOFFMEISTER approximates the real maximum chip 
thickness by exponential and potential functions with 
influence factors of tool, workpiece and process. These 
factors are the module mn, the number of workpiece teeth z2, 
the helix angle β, addendum modification factor xp, the axial 
feed fa, the cutting depth T as well as the number of gaps ni0 
and the number of threads z0. The tool profile with pressure 
angle and the tool tip radius had been neglected in the 
investigations. 
Another method for calculating the chip thicknesses is 
using a process simulation software such as SPARTAPRO. 
The software was developed at the WZL of the RWTH 
Aachen University, Fig. 2 [8]. 
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Fig. 2. Features of SPARTApro 
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as well as the tool data and its profile geometry. With the 
given axial feed, a penetration calculation is executed and the 
undeformed chip geometries occurring in the hobbing process 
are determined. Afterwards, these geometries are analyzed 
and characteristic values such as the maximum and average 
chip thickness hcu,max and hcu,av, the specific chip volume Vʹ 
and the maximum and average cutting length lmax and lav are 
calculated. The values are then displayed along the unrolled 
cutting edge as well as maximum and average values for the 
whole process. Besides these values, SPARTAPRO is capable 
of calculating the cutting forces of the hobbing process and 
the profitability. 
Because HOFFMEISTER only used gears with a module 
mn < 4 mm, it is questionable to use the approximation 
formula and transferring it to large gears up to module 
mn = 30 mm. Thus, a comparison of the maximum chip 
thickness according to HOFFMEISTER and SPARTAPRO was 
conducted [8]. As it is shown in Fig. 3, the results of these 
two methods differ widely with increasing modules. The 
simulation results are constantly higher than the results by 
HOFFMEISTER and at some parts the difference of the 
calculated and simulated chip thickness is 55%. This shows 
that the approximation formula according to HOFFMEISTER 
underestimates the tool load for large module gears and 
therefore is not the best option to use in a process design. 
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Fig. 3. Comparison of approximate formula and simulation according to 
different modules [8] 
3. Research objective 
The state of the art shows the need for an approximation 
formula for the maximum chip thickness in gear hobbing 
which can be used for large module gears. So far, the process 
parameters for industrial application of the gear hobbing 
process are chosen based on experience. By developing 
formulas for calculating the chip thicknesses, it is possible to 
create a database for tool and workpiece materials with the 
corresponding process parameters to support the process and 
tool design. 
The objective of this paper is to illustrate a method 
determining approximation formulas for characteristic values. 
This method will be afterwards used to generate an 
approximation formula for the maximum chip thickness.  
4. Designing a Variant Calculation 
The chip formation in gear hobbing processes depends on a 
large amount of influencing factors. Fig. 4 shows these 
influences categorized into workpiece, the tool and the 
process. The highlighted geometrical influences can be 
considered in the described penetration calculation 
SPARTAPRO. The bold factors in Fig. 4 influence the chip 
thicknesses in the hobbing process directly and are 
subsequently discussed in detail. 
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Fig. 4. Factors influencing the chip formation 
 
For analyzing the maxima for different characteristic 
values, the gear width is often of little interest. This is because 
in the run-in and the overrun of the tool chip thicknesses, 
cutting lengths and other values increase respectively 
decrease. In the full-cut section of the workpiece, the 
characteristic values are nearly constant and have the highest 
values. 
To examine the influence of the pressure angle, 
preliminary investigations on the profile addendum and the 
generating addendum modification were preformed in 
advance. While the cutting depth was kept constant, in each 
simulation the profile angle was varied between αn = 10°, 
αn = 20° and αn = 30°. It shows that this modification has no 
effect on the resulting maximum chip thickness. Furthermore, 
the addendum of the tool profile was also changed in three 
steps. This change leads to a varying tooth width of the gear, 
but also has no effect on the maximum chip thickness. 
Because the generating addendum modification factor also 
changes by varying  the addendum height, this factor has no 
effect on the maximum chip thickness as well.  
5. Developing of Functions describing Characteristic 
Values  
After gear width, pressure angle and the addendum 
modification could be excluded, as they have no effect on the 
chip thickness, the parameters listed in Table 1. are varied 
throughout the specified range. For each parameter up to 
seven incremental steps are used. Furthermore, the process is 
simulated for climb as well as conventional cutting. A design 
of experiments (DOE) method is used to reduce the number of 
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necessary simulations. Because of the multifactorial 
influences, a D-optimal design is used. This reduces the 
number of simulations to 77 for each cutting strategy (climb 
and conventional cutting). 
Table 1. Variation Range of the influence factors 
Parameter Symbol Range Unit 
Module mn 1 – 30 mm 
Number of teeth Z 10 – 120 - 
Helix angle Β -40 – 40 ° 
Outside diameter of tool da 50 - 380 mm 
Number of gaps ni0 8 – 23 - 
Number of threads z0 1 – 5 - 
Profile edge radius factor σaP0 0.1 – 0.5 - 
Cutting depth factor T* 0.1 – 1 - 
Axial feed fa 0.5 – 6 mm 
Climb / conventional cutting - A or B - 
 
For evaluating the resulting characteristic values, it is 
possible to use several regression functions. The evaluating 
software used in this paper provides a quadratic, cubic and 
biquadratic regression model. To compare the different 
approaches, the coefficient of determination R² is used [6]. 
The coefficient R² can vary between 0 < R² <100%. It 
indicates the fitting of the statistical model to the original data 
points. In general a R² > 90% is deemed to be good [12]. In 
this study a quadratic model is used because it fits the transfer 
functions best. The coefficient of determination for this 
approximation function is R² = 94%. 
In Fig. 5, the function for each parameter is shown. It is 
striking that the function curve for the module is decreasing 
with higher modules. Because this is not plausible, the 
function is manually adjusted and reintegrated into the 
approximation model. Furthermore, an analysis of the curves 
also shows that the profile edge radius σa0 and the helix 
angle β2 of the gear do not have a significant effect on the 
resulting maximum chip thicknesses and therefore both can be 
neglected in the model. In addition, the influence of the 
number of gaps ni0 and threads i0 can be condensed to one 
parameter, the effective number of gaps i0. Because the 
regression functions of the tool diameter da0, effective number 
of gaps  i0 and cutting depth T are nearly linear, these 
functions are linearized. Due to these changes in the 
regression model, the approximation formula is now less 
complex but the coefficient of determination only deteriorates 
by ΔR² = 0.4%. 
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Fig. 5. Transfer functions of the variation parameters 
 
The resulting approximation formula is shown in (2). To 
improve the coefficient of determination, a logarithmic 
transformation of the target value, the maximum chip 
thickness, was done. This transformation is a common method 
to improve the R². Because of the described modifications to 
the original approximation model, the resulting equation is not 
more complex than the equation to HOFFMEISTER. 
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The validation of the approximation formula for the 
characteristic value can be done with the help of the process 
simulation SPARTAPRO. During the experimental design, 
three points of stability were defined by the DOE. 
Furthermore, the data of two very different, real cylindrical 
gears are available for validation. Fig. 6 shows the gear, tool 
and process parameters of these five gears. At the bottom of 
Fig. 6, the resulting maximum chip thicknesses according to 
the simulation SPARTAPRO, HOFFMEISTER and the new 
approximation formula are given. This shows that the chip 
thickness calculated with SPARTAPRO and the developed 
formula are in four of these five cases nearly the same. 
Especially the large gear with a module of mn = 16 mm shows 
the advantage of the new formula compared to HOFFMEISTER. 
While the calculated chip thickness by HOFFMEISTER is 25% 
lower than the simulated one, the value calculated by the new 
approximation formula is only 3% higher than the simulation 
and therefore nearly the same. 
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Fig. 6. Comparison of calculation methods using different gear geometries 
 
A similar pattern emerges by comparing the results of the 
second and third points of stability. Also, in these cases the 
deviations of the developed formula and SPARTAPRO are 
minimal (1.5% and 4%) while the chip thickness according to 
HOFFMEISTER differs to the simulation by 20% and 28%. This 
improvement of the results calculating the maximum chip 
thickness is mainly attributable to the fact that the module 
range of the new formula is wider than HOFFMEISTER. Only 
the first point of stability does not match to the good results of 
the other cases. While the calculated chip thickness by 
HOFFMEISTER and the new formula are nearly the same, the 
thickness by simulation is 20% higher. 
Beside these five gear sets, also the known module 
variation of Fig. 3 was done. The curves of the maximum chip 
thickness for the three calculation methods are shown in 
Fig. 7. Here again, the new formula matches the simulation 
results of SPARTAPRO well. 
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Fig. 7. Comparison of calculation methods based on a module variation 
6. Process Design 
This developed approximation formula for the maximum 
chip thickness can now be used to calculate existing hobbing 
processes. By setting up a database with the calculated chip 
thickness, the workpiece and tool material as well as the used 
axial feed and cutting speed the existing processes can be 
evaluated and new processes can be designed according to 
same material and chip thickness. It is clear that this approach 
will not lead to an optimal process but it will result in most 
cases in a stable process which can be optimized. 
7. Summary and Outlook 
In practice, designing the maximum axial feed for hobbing 
processes is often done by means of the maximum chip load 
according to HOFFMEISTER. For developing the approximation 
formula, however, only gears up to a module of mn = 4 mm 
have been regarded and extrapolating the results on large 
module is only possible by inducing deviations. 
For this reason, a new formula for determining the 
maximum chip load for hobbing processes was developed. 
Based on a regression analysis, an approximation function for 
gears up to a module of mn = 30 mm has been set up.  
This newly developed regression formula according to 
SPARTAPRO regards influencing factors from part, tool and 
process, as does the approximation formula according to 
HOFFMEISTER. Values regarding the workpiece are module mn 
and the number of teeth z2. The outside diameter da0 and the 
effective number of gaps i0 as a result from the quotient of 
number of gaps ni0 and the number of threads z0 are influences 
of the tool. Only the plunging depth T and the axial feed fa 
have to be extracted from the kinematics for calculating the 
necessary chip thickness. Contrary to the approximation 
formula according to HOFFMEISTER, the tool helix angle as 
well as the generating addendum modification are disregarded 
for the developed regression formula, as considering these 
factors did not cause an improvement of the results. Also, 
considering the edge radius of the tool could not contribute in 
a decisive improvement of calculating the maximum chip 
thickness, contrary to initial assumptions. Thus, the newly 
developed approximation formula does not need more 
influencing factors than calculating the chip thickness 
according to HOFFMEISTER, which makes the complexity of 
the developed approximation formula and HOFFMEISTER 
comparable. 
By means of five example gears, the new approximation 
formula according to SPARTAPRO has been validated. For 
this, the maximum chip thicknesses have been calculated by 
the simulation, by the approximation formula according to 
HOFFMEISTER as well as by the new approximation formula. It 
was shown, that in four of five cases the maximally occurring 
chip thickness in the process corresponds almost exactly to 
the ones of the simulation. In one case, the new formula 
provides a comparable result to HOFFMEISTER which, 
however, underrates the maximum chip thickness by nearly 
20%. Additional to these five examples, it has been shown by 
varying a gear in the module range of mn = 1 mm to 
mn = 30 mm that the newly developed approximation formula 
provides good results within the entire range. 
For future investigations, it is possible to develop 
approximation formulas for further characteristic values like 
the average chip thickness with the help of the presented 
method. Also, calculating the axial feed with the help of the 
presented approximation at a given geometry and maximal 
tolerable chip thicknesses is possible. For this, however, the 
knowledge of the maximally possible chip thickness of a 
hobbing process is necessary. 
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αn Pressure angle 
α0 Profile angle of the tool 
β0 Helix angle of the workpiece 
da0 Outside diameter of the tool 
σa0 Profile edge radius 
fa Axial feed  
hav. Average chip thickness 
hcu,max Maximum chip thickness  
lav. Average cutting length 
lmax Maximum cutting length 
mn Module  
ni0 Number of threads (tool) 
R² Coefficient of determination 
T Cutting depth  
xp Generating addendum modification 
z0 Number of threads (tool) 
z2 Number of teeth 
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